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Soybeans 
far 
Dairy Cows 
DAIRY DEPARTl4ENT 
Aqricultu:ral Expe1·iment Station 
OF THE 
Sou1.h Dakota State College of 
Al:Jriculture and Mechanic Arts 
Digest 
Soybeans and soybean hay are high protein feeds, and can be 
grown in nearly all sections of South Dakota. 
Several experiment stations have found soybeans and soybean 
hays equal to o-r better for. milk and fat production than such high 
protein feeds as cottonseed meal and old process linseed oil meal, 
and such protein roughages as alfalfa hay. 
The object of the investigations at South Dakota State College 
was to determine the feeding value of ground soybeans and soybean 
hay and to note if the ground soybeans had any deleterious effects 
on the butter. 
Three 30-day trials were conducted-two trials in which ground 
soybeans were compared to old process linseed oilmeal, and one trial 
in which soybean hay was compared with alfalfa hay. Four cows 
were used in each trial. 
To ascertain the effect of ground soybeans on butter, varying 
amounts of ground soybeans were added to the ration, beginning 
with 15 percent by weight and increasing the ground soybeans to a 
ration of 100 percent ground soybeans. 
The ground soybeans were as palatable, and seemed to have as 
desirable physiological effect on the cows as linseed oilmeal. 
Ground soybeans proved to be 20 percent more valuable for milk 
production and 18 percent more valuable for fat production than oil­
meal. 
Soybean hay, according to the experiment, is 6 percent more 
valuable for milk production and 8 percent more valuable for fat 
production than alfalfa hay. 
The results indicate that ground soybeans can be fed with profit 
by dairy farmers for the high protein feed, and thus decrease the 
cost of milk producticn materially. 
Soybean hay is not as cheap a legume roughage in South Dakota 
as alfalfa hay because of the comparatively lower yield and expense 
in handling; however, soybean hay can be recommended as an emer­
gency legume crop for dairy cows and as a regular crop in regions 
where alfalfa or other clovers are hard to get _started. 
Ground soybeans have no deleterious effect on butter when fed 
in reasonable amounts; neither can soybeans be ·depended on to in­
fluence the percent ·of fat in milk for any appreciable length of 
time. 
J. 
Soybeans for Dairy Cows 
THOMAS M. OLSON* 
EFFICIENCY is the watchword of success in all industries, includ­ing dairying. The dairyman who produces milk at a lower cost per� unit than his competitors will of course make greater net profits. There are many phases of the dairy industry in which great­er efficiency can be practiced with good results, but none more im­portant than feeding. Feeds represent from two-third to three-fourths the costs in producing milk; hence greater efficiency in this phase of dairying will result in greiater profits. That it is poor economy to underfeed good dairy cows has been proved experimentally and under practical feeding conditions; hence for best results, dairy cows must be provided with those feeds in sufficient quantity which are required for most economical produc­tion. Feeds high in protein are essential to high as well as economical production. High protein feeds also command the highest _price on the market. Therefore, when these high protein feeds are home grown, their cost is materially lower than the market value of feeds correspondingly high in protein. The lower cost will frequently lead to more liberal feeding. Only one home grown high-protein feed, soybeans, will be con­sidered in this bulletin, and the data will deal only with its feeding value. In recent years, the soybean as a forage crop, soil improver, and as a high protein feed, has received considerable attention. The soybean plant in its seed provides more protein per acre than does any other seed-bearing legume plant which grows in the temperate zone. With the number of varieties now available, soybeans can be grown in most sections of the country; hence their importance as a high protein feed for dairy cows deserves attention by all dairy farmers. 
Resume of Previous Work 
The relative value of ground soybeans and cottonseed meal for milk production was tested by Price at the Tennessee Station ( 1) with two lots each of tw_o, three, and four-year-old heifers. The fol­lowing rations were fed alternately during three thirty-day periods: 
1. Ground soybeans, 2.3 pounds; corn silage, 24. 7 pounds; corn, 2.3 
pounds; cob meal, 10.3 pounds; alfalfa. 
2. C'ottonseed meal, 2.3 pounds; corn silage, 23.5 pounds; corn 2.3 
pounds; cob meal, 10.0 pounds; alfalfa hay. 
*This bulletin includes data obtained from experimental work per­
formed by John R. Bollinger and Willard R. Beall in partial fulfillment 
of work for their M. S. degree, under the direction of the author. Ac­
knowledgment is also made of the helpful services of C. F. Wells, chem­
ist, who had charge of the analytical work and of John Nelson, who 
cared for the cows on experiment. 
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Daily production of milk and butterfat on these two rations was 
as follows: 
Milk 
lbs. 
1. On soybean ration ............................ 14. 4 
2. On cottonseed ................................. 13. 6 
Butterfat 
lbs. 
0.81 
0.77 
This trial shows an increase of 0.8 pounds of milk and 0.04 
pounds of fat in favor of the soybean ration. 
At the Massachusetts Station ( 2), two lots of four cows each 
were fed six weeks by the reversal method. To a basal ration of 
hay, silage, and bran, an allowance of either grountl soybeans or 
cottonseed meal was added in practically equal amounts. The ground 
soybeans proved slightly superior to the cottonseed meal as a milk 
and fat producer and the butter w·as of better quality. 
Cook of the New Jersey Station ( 3) found 3 4 pounds of ground 
soybeans slightly superior to the same weight of cottonseed meal 
when fed with 3.4 pounds of corn and cob meal and 2.3 pounds of 
dried beet pulp, with silage, soilage, and hay for roughage. 
Gilchrist of Armstrong College, England ( 4), found soybean cake 
slightly superior to cottonseed cake for milk production. Six cows 
were fed for six weeks on each protein supplement. The basal ra­
tion consisted of hay, oat straw, crushed oats, and roots. 
Hansen of the Royal Agricultural Academy, Germany ( 5), found 
soybean cake and linseed cake practically equal in feed value for 
milk production when added to a basal ration of hay, bran and 
sugar beet chips. No ill effects resulted, although 4 to 7 pounds 
of soybean cake were fed daily. The average yield per cow per day 
during two periods of 14 days each, was: 
Milk 
lbs. 
Linseed cake .................................... 28. 9 
Soybean cake .................................... 2 9. 8 
Percent 
fat 
3.45 
3.33 
The results of two trials at the Iowa Experiment Station ( 6) 
when the cows were fed with a basal ration of corn, silage, alfalfa 
hay and a grain mixture of equal parts of cracked corn and ground 
oats, indicated that' 611 pounds of oil meal produced 3,483.3 pounds 
of milk and 149. 7 5 pounds of fat; 591 pounds of soybeans pro�uced 
3,345.0 pounds of milk and 160.94 pounds of butterfat. The amount 
eaten of the basal ration was practically the same 'in both trials. 
The report states that according to these data, the value1 of soybeans 
may be placed at $60.00 per ton when oilmeal is worth $45.00 
per ton. 
In two trials at the West Virginia Station ( 7), soybean hay was 
compared with alfalfa hay for milk production. Ten pounds of al­
falfa or soybean hay were fed each animal daily. Lot I produced 
2,685 pounds of milk and 102 pounds of butterfat on the soybean 
hay. Lot II produced 3, 015 pounds of milk and 10 6 pounds of but­
terfat when soybean hay was fed, and 2,888 pounds of milk and 
106 pounds of butterfat on the alfalfa hay. Lot I gained an aver­
age of 12 pounds live weight on alfalfa hay, and 8 5 pounds on soy-
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bean hay, whereas lot II lost 9 5 pounds on soybean hay and 1 7 pounds on alfalfa hay. The results of the two experiments indicated that soybean hay was superior to alfalfa hay for milk and fat production and main­tenance of weight. The milk production was 6 4 .Pounds greater, and the fat production 5 pounds greater for all animals in all trials in favor of the soybean hay. The net gain in live weight for all cows in all trials was 150 pounds during the soybean periods, and a loss of 2 2 pounds during the alfalfa periods. 
Purpose of Experiment 
Soybeans are grown in most sections of South Dakota. Varieties can be grown which are adapted for forage or seed, and information concerning their feeding value is important. With this in view, the Dairy Department conducted two feeding trials on ground soybeans and one on soybean hay to determine their feed value for dairy cows, and to note whether the ground soybeans have any deleteirious effect on the butter. In conducting the experiment, the alternate method was used. Four cows were used for each trial. They were kept in ordinary stalls so constructed that each animal could be fed separately. A small metal tank was placed between two mangers in which water was kept before the cows at all times. The experimental trials were divided into 4 0-day periods. The first ten days of each period were taken as the transition period. These data are not considered in this bulletin. The 3 0-day periods were further subdivided into 10-day periods. The data included in this bulletin represent nine 3 0-day periods conducted in three years. Six periods were trials during which ground soybeans were compared with oil meals, and three were trials for' comparing alfalfa hay with soybean hay. Twelve cows were used. One grade Guernsey, Number 157, was used in two different trials. Cows chosen for each trial were as uniform in lactation, gestation and general condition as were avail­able. The four major breeds were represented, and the cows used were considerably above the average in production. Three of the cows used in the trials were among the highest producers in the College herd, and have creditable official records. The cows were hand milked twice a day. The same person did the milking throughout the trial except for a few brief periods. The cows were allowed to exercise in a dry lot on nice days. They did not get as much exercise as the cows in the general herd, but suffi­cient so that this should not be a factor in influencing the results. The cows were curried twice a day. Salt and water were· kept before them at all times. . They were weighed regularly and the average of three successive weighings taken as the average weight. Ten-day com­posite milk samples were taken during the entire time of each ex­periment. The Morrison Feeding Standard was used in balancing the rations, which were changed as often as milk production and body 
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weight made it necessary. The cows were fed twice a day. The alfalfa hay, soybean hay and silage were grown on the college farm, while the corn and oats were grown on farms near by. The oilmeal and soybeans were purchased from the local elevator. The soybeans were grown in South Dakota. All grains were ground, including the soybeans. The alfalfa and soybean hays were fed without cutting. The grain mixture for each cow was fed on the silage in a feed box and the alfalfa and soybean hays were fed in a tight manger. All feeds refused by the cows were weighed back and analyzed. All grains used were of good quality except the corn in the last trial. This was of poor quality, being very low in ether extract. The soybean hay was not as good quality as the alfalfa, having in. it considerable weeds, as well as being coarser than is desired for good forage. 
Digestion Trials 
Two digestion trials were conducted during each expe,riment. The trials were during the last five days of the second and third periods of each experiment. A careful record was kept of all feed eaten and refused during the five-day periods. Chemical analyses were made of all feeds as well as feces. The feces were collected by a man in constant attendance and placed in galvanized iron cans fitted with tight covers. At the end of the experimental day, the collections of excreta were weighed and sampled. The feces were mixed thoroughly in a galvanized iron tub and an aliquot portion taken. These samples were taken immedi­ately to the chemistry laboratory. 
Palatability and Physiological Effects 
The palatability is an important factor in determining the value of ·any feed, because consumption so largely depends on it. Both the ground soybeans and the soybean hay were readily eaten. At no time did the animals refuse to eat the ground soybeans even when the soybeans made up 100 percent by weight of the grain ration. The soybean hay was also readily eaten, although the coarser parts of the plants were left in the mangers. The soybean hay, however, was not as good quality as the alfalfa hay with which it was com­pared. T'he plants were too large and coarse and had some weeds mixed in with them. Judging from the gloss of the coat and general appearance of the cows during the various trials, there, seemed to be no physiolog­ical difference between ground soybean and old-process oilmeal. Dur­ing the feeding of the soybeans, the cows gave indication of being in the best physical condition. Soybeans did not seem to have as marked a laxative effect as oilmeal, although the feces during the heavy feeding of the ground soybeans was softer than during the light feeding, indicating that it does have a slight laxative effect. The cows were in good physical condition during both the soy­bean hay and alfalfa hay periods. The periods were too short and the amount of roughage fed too limited to draw any conclusions as to the physiological effects of the two feeds; however, no differences 
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were observed. Table I seems to indicate no effects on the weight 
from the various feeds. 
No. 
o f  
Cow 
TABLE I-AVERAGE WEIGHT BY 30-DAY PERIOD S 
Oilmeal Soybean I Oilmeal \\ Al fal fa \soybeanHay/ Al fal fa Hay 
lbs. lbs. I lbs. I lbs. I lbs. lbs. 
Period Pe riod I Pe riod \I Period I Period l 
Pe riod 
_____ I II I 
157 
75 
23 
20 
82 
258 
306 
209 
151 
152 
157 
211 
... I 1099 11 1140 I F68 
1
!11 .......... ............ \ ........... . 
... i 1094 I 1112 I 1152 1· .................... ·1· .......... . .. ·1 1410 I 1420 I 1436 1 · ......... .......... ·. · .. · · · · · · · · · · . .. 1122 I 1756 I 1818 .......... ............ ........... . 
•.. J ........•. 1 .......... 1..... .. .. . 956 992 1048 .. ·\· ......... , ......... ·1· ......... 11 1084 1109 1140 ... .......... .........•.......... 1 1237 1289 I 1293 
... 1 .......... ...... ; ... .......... I, 1118 1137 1161 ... i 1000 I 1024 1048 I .......... ............ ........... . 
... 1 1238 I 1282 I 1331 /I·········· ............ 1 •••••••••••• .. ·1 1215 I 1200 I 1212 I .......... ........... ·1· .......... . 
... 
I 
891 I *876 I 902 11··········;············1······�-· _·_·· 
*The loss o f  weight in cow numbe r 211 is due to her going o f f  feed 
fo r seve ral days in the second pe riod. 
TABLE II--ANALY SIS OF FEED S 
Oilmeal Pe riod 
Al fal fa Hay ................... \
Co rn Silage .................... I 
Grain Mixtu re ................ · / 
Protein 
14. 44 
1. 79 
18.125 
N.F.E. 
38.67 
12.32 
58.90 
Soybean Period 
Al fal fa Hay .................... \ 
Co rn Silage .................... I 
g��� : : : : : :: : : : : : : : : :: : : : : : : : : : :/ 
Soybeans ...................... I 
16. 01 
1. 77 
9.19 
10.12 
33.25 
43.20 
11. 74 
6 8.32 
60. 44 
28.53 
\Ethe r Ext./ 
I I 
I 1. 34 .45 3.10 
1. 41 
.42 
1. 28 
3.95 
16.10 
\ 
I 
TABLE III--TOTAL NUTRIENT S IN FEED S 
Ave rage o f  Oil meal Pe riod 
Cr. Fiber 
31. 87 
5.24 
7.63 
24.74 
4.67 
2.45 
12.58 
7.72 
P rotein N.F.E. !Ethe r Ext.I
I 
I I 
Cr. Fibe r! Total Nut. 
Alfal fa Hay ......... \ 
Corn Silage ......... I 
G rain Mixture ....... I I 
Al fal fa Hay ......... I
Corn Silage ......... I 
Corn ................ I 
Oats ................. I 
Soybeans ............ I 
I 
I 
203.45 
69.81 
127.23 
400.49 
544.86 
480.48 
413.47 
1438.81 
I 18.88 I 
I 17.55 I 
1
1 
21.16 I 58.19 
I I 
Soybean Pe riod 
192.44 
69.03 
22.05 
25.80 
6 9.82 
379 .14 
519.26 
457.86 
163.96 
154.12 
59.91 
1355 .11 
16.94 
16.38 
3.07 
10.07 
33.81 
80.27 
449.04 I 
204.36 
706.96 2677.2 
53.56 
\ 
297.37 
182.13 
5.88 
32.07 
16.21 
533.66 2448.5 
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TABLE I V. TOTAL POU N D S  O F  F E E D  CON S UM E D  l >J ALL T R IALS 
Alfalfa vs.  
O il  Meal vs. Groun d Soybean Soybtan Hay 
F irst Trial I: Second Trial I Average 
1
1 
Lbs. / Lbs. \ Lbs. Lbs. 
I 
Lbs.  
1
1 Lbs. \ Lbs.  \ Lbs. 
Alfalfa Hay . .  ! 1 9 5 2 . 0 
\
1 932 . 0 1 1 4 0 9 . 0 1 1 2 0 2 . 0 1 1 6 80 . 5 
1
1 5 6 7 .  0 
1
130 7 .  5 1 - . . .  · · 
Corn Silage . .  1 4 2 8 1 . 0  4360 . 0  139 0 0 . 0  139 0 0 . 0  1 40 9 0 . 0 4 130 . 0  32 6 6 . 0  1 3 2 8 6 . 8  
Corn . . . . . . . .  I 6 7 7 . 0  6 9 4 . 0  I 239 . 0  I 2 40 . 0  
/ 
4 83 . 0  4 6 7 . 0  5 6 1 . 7  I 5 70 . 0  
Oats . . . . . . .  ·
\ 
5 9 0 . 0 I 5 5 5 . 0  I 2 5 4 . 0  I 2 5 5 . 0  42 2 . 0  I 40 5 . 0  4 7 7 . 0  I 4 80 . 0  
O i l  Meal . . . . . 2 6 6 . 3 1 - . . . . . I 2 0 9 . 0  . . . . . .  - I 237 . 6 1 · . .. . .  - 1 1 0 9 . 2  I 1 20 . 0  
Soybeans . . . .  1 - . . . . .  - 1  2 1 0 . 5 1 - . . . . . .  : 2 1 0 .  0 1 - . . . . . . 2 1 0 . 0 1 - . . . . . .  1 . . . . .  · 
Soybean Hay j . . . . . .  · 
/ 
· . . . . .  · 
/ 
· . . . . . .  1 . . . . . . . j . . . . . . .  j . . . . . . . 1 . . . . . . . j l 2 1 2 . 6 
Tot.  Nutrients l37 6 1 .  0 37 6 8 . 0 2 6 7 7 . 2 1 2 4 4 8 . 5 1 3 2 1 9 . 0 5 1 3 1 0 8 . 2 1 2 9 1 8 . 9 j30 1 3 . 9 
Lbs.  of Mil k  . .  1 3 6 93 . 4 1378 8 .  2 1 1 9 6 7 .  8 1 2 1 1 5 . 5 12 330 . 6 1 2 9 5 1 . 9 1 2 7 0 6 . 5 1 2 6 7 8  . 1  
L bs. Fat . . . . .  j 135 . 7 7 1 135 . 7 8 1 10 1 . 5 7 1 1 04 . 8 8 1 1 1 8 . 6 7 1  1 2 0 . 331 1 3 2 . 2 9
\ 
1 33 . 3  
I I I I I I ___ I ____ _ 
TABLE V-NUT RI ENTS DIGESTED IN ALL TRIALS 
Oil-
!
I 
Soy-
I 
Oil- I Soy- I Oil-
I 
Soy- I \ Soy­
meal beans meal 
\ 
beans 
/ 
meal beans Alfalfa! bean 
I I Hay 
Lbs. / Lbs. \ Lbs. I Lbs. I Lbs. 11 Lbs. \ Lbs. 
I
I Lbs. 
Protein . . . . . .  I 36 1 . 6 I 386 . 8  I 2 56 . 7  I 2 5 8 . 2 I 30 9 . 1
1
32 2 . 5  I 31 9 . 3  1 9 0 . 1  N. F. E. . . . . .  1 1 531 . 6 
\
1 7 0 4 . 4  1 1 1 7 9 . 9 1 1 1 6 4 . 0  1 1 3 5 5 . 7  1 434 . 1 1 4 1 9 . 7  1 4 60 . 1  
E ther E xtract !  8 1 . 4  1 03 . 5 I 4 5 . 8  I 6 7 . 9
1 
63 . 6 8 5 . 7  
\ 
6 8 . 1 8 0 . 1  
Crude I<�iber . .  I 4 5 2 . 4 I 634 . 3  I 4 6 7 . 9 I 340 . 5  4 60 . 1  4 8 7 . 4  38 9 . 9 I 4 97 . 5  
��- rn�:�_
t
· /_��-��--� / ����1�
0 0 1 . 5
_ 1
1 9 1 5 . 
�/
2 2 6
�� /
436
_
.
_
� /
2 2_8�� J
2 3 2 1 . 9 
General Discussion 
A study of Tables II and III  will aid in understanding the dis­
cussion which follows.  Table I I  shows the analysis of  the feeds 
used. Note that the ether extract of the corn is considerably below 
the average fo.r even immature corn. This same lot of corn was 
used for the grain mixture, which accounts for the relatively low 
· analysis in ether extract in the mixture also. Table III contains the 
total nutrients in all feeds consumed for the three 3 0-day trials. 
Table IV contains the pounds of feed and total nutrients for all 
trials of the experiment. It also shows the total pounds of  milk and 
fat produced during the respective periods. Table V shows the nu­
trients digested from each feed and also the total digestible nutri­
ents for all trials. 
It  will be noted that the total digestible nutrients are, relatively 
higher for all nutrients during the first soybean period. No reason 
is offered for this fact . The total digestible nutrients were some­
what higher in the soybean hay than in the alfalfa hay. This was 
largely due to the larger amount of crude fibe.r digested in the case 
of the soybeans. 
Tables VI and VII  contain the total milk and fat production for 
the 3 0-day periods.  Figures 1 and 2 have the same data in a graph­
ical form . 
J ' 
l 
1 
\ ,  
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Compa1·ative Feed Value 
The table of the total feed consumption indicates that the total 
nutrients consumed were approximately the same. However, when 
applying the coefficients of digestion, which were somewhat higher 
in the first soybean period, we find that more nutrients were con­
sumed in the soybean period. The lower coefficient in case of pro­
tein for the soybean hay is probably due to the poor quality of hay 
used. 
The practical feeder, however, is more concerned with the re­
sults obtained from total feed fed. Studying the data from that 
point of view, the nutrients in 210 pounds of ground soybeans pro­
duced 29 5 1 . 8  pounds of milk, while the total nutrients in 23 7.6 
pounds of oilme,al produced 2830.6 pounds of milk. On the basis 
of fat production, 210 pounds of ground soybeans produced 120. 3 3  
pounds of fat, and 23 7.6 pounds o f  oilmeal produced 1 18.67 pounds 
of fat. 
T A BLE VI-MIL K PR OD U CTI ON BY 3 0 -D A Y  
Cow No. Oilmea l Pe riod Soybean Pe riod I 
1 5 7  
7 5  
23 
20  
157  
151  
152  
211  
Total 
lbs . o f  milk 
589.6  
8 0 5. 8  
1 4 28.  7 
1 388 . 5  
4 27 . 2  
4 0 9 . 1  
6 67 . 0  
4 83.5 
6 1 9 9.5  
lbs. o f  milk 
5 9 4 . 5  
7 4 4 . 9  
1 1 9 6  . 1  
1 2 52.7  
4 1 6 . 3  
4 23 . 2 
690.2  
5 S5 . 8  
r, g ,) ;l  7 
PERIOD S 
Oilmeal Pe riod 
lbs . o f  m ilk 
5 4 7 . 1  
6 16 . 3  
1 0 37 . 6  
973 . 0 
372 . 4. 
4 H . 3  
(HO. !l 
521 . 3 
5 122 . 6  
Cow No. 
1
1 Al fa l fa H ay Pe riod \ Soybean Hay Pe riod I A l fa l fa Hay Pe riod 
82 
209 
258 
306 
Total 
\ 7 1 6.6  
I 
6 97 . 7  I 
7 30 . 0  6 7 4 .2  I 
1
1 
537 . 5  537 . 5  I 823. 3 768 . 2  
I 2801 . 4 I 2611.  6 1 
587 . 7  
687 . 4  
558 . 8  
7 7 0.6  
2 604 . 5  
1 0  
:::: · ,  
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Fig. 1 .-0ilmeal vs. ground soybeans for milk and fat production 
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TABLE VII-FAT PRODUCTION BY 30 -DAY PERIODS 
Cow No. 
1 57  7 5  2 3  2 0  1 5 7  1 5 1  1 52  2 1 1  Total 
Cow No. 
82 209  258  306  Total 
I I I 
I Oilmeal Period I Soybean Period I Oilmeal Period 
i' 
I I lbs. of fat 
\ 
lbs. of fat I lbs. of fat I I I 30 . 74 32 . 1 1 3 3 . 3 6 
I 4 0 . 0 0  I 3 5 . 50 I 2 0 . 7 1 3 9 . 2 7  I 3 3 . 0 8  I 2 8 . 68 I 3 9 . 85  3 5 . 0 9 I 2 9 . 9 3 I 32 . 8 8  I 3 0 . 24 2 6 . 92  2 7 . 12  
I 
2 5 . 39 
I 
24 . 5 8 
I 2 2 . 45  23 . 92 2 2 . 2 0  25 . 05 2 5 . 3 3  2 1 .  85 I 2 5 7 . 3 6  2 4 0 . 66 2 0 7 . 3 3 I 
I I I I Alfalfa Hay Period I Soybean Hay Period I Alfalfa Hay Period 
I I I '1 4 5 . 4 030  I 4 5 . 6515  I 28 . 7 9 8 5  2 7 . 5187  30 . 9048  3 1 . 9 7 93  2 8 . 6569  2 8 . 1 6 38  
i 1 3 3 . 7 6 1 3 3 . 3 6 
4 0 . 1 2 0 1  28 . 6421  3 3 . 8 7 4 2  2 8 . 5042  1 31 . 1 4 
The data of this experiment indicate that 97 pounds of ground soybean are equivalent to 12 1 pounds of old process oilmeal for milk production and that 116 pounds of soybean hay arei equivalent to 1 2 3  pounds of alfalfa hay for milk production. On a basis of money value, ground soybeans are worth 20  percent more for milk produc­tion and 18 percent more for fat production than oilmeal. Soybean hay is 6 percent more valuable for milk production and 8 percent more valuable for fat production than alfalfa hay. 
It is not the function of this bulletin to discuss· the method of growing soybeans nor the variety to grow, but merely to indicate that soybeans are a very valuable high protein feed, and can be grown by dairy farmers for that purpose1 with profit. 
From the data obtained, it would seem advisable for dairy farmers in South Dakota to grow sufficient soybeans to provide the high protein feed used to supplement the home grown grain ration. Soybean hay, although -about equal to good alfalfa hay as a legume roughage for dairy cows, can only be recommended as an emergency crop. The, comparatively low yield and the additional work required in growing and harvesting the soybean hay would make it more expensive feed than alfalfa, particularly where alfalfa can be grown without too great an initial cost in getting a stand. 
Effect of Ground Soybeans on Milk and Butter 
After completing the experiment, the same cows were fed ground soybeans in increasing amounts in their rations, allowing a period of five days to elapse before collecting the milk. . The fifth day's pro­duction of milk was saved and separated and the resulting cream was churned in a small hand churn. Five-day composite samples were taken to note any effect which the ground soybeans might have on the percent of fat in the milk. 
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Fig. 2.-Alfalfa hay vs, soybean bay for milk ancl fat production 
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A group o f  seven cows o f  the regular herd, which were receiving 
our regular test ration, were also fed 4 pounds of ground soybeans 
per day in addition to their regular ration for two successive days. 
The additional feed was readily eaten with no apparent bad effects. 
Table, VIII shows the average test of the five-day composite samples 
before adding the soybeans ,  and after the addition of 4 pounds of 
soybeans daily for two days. 
TABLE VIII-INFLUENCE OF GROUND SOYBEANS ON PCT. OF FAT 
He rd N o. . ........... · I 32 0 / 336 j 337 I 2 4 1 338 ! 333 
I I I I I I . ! Pe rcent !Pe rcent Pe rcent Pe rcent !Pe rcent I Pe rcent 
Befo re adding soybe ans
1
1 
2 .95 
1
1 3.60 \ 3.50 I 3.30 \ 2 .95 l 2 .90 A fte r adding soybe ans 3.2 0 I 3.2 0 I 3.2 5 3.15 I 3.40 3 . 15 
I I I I I 
Table IX shows the daily average production of milk, and per­
cent of fat of the four cows which were fed increasing amounts of 
the ground soybeans beginning with 1 4  percent of the grain ration 
by w�ight and increasing to a 100 percent s·oybean ration. 
TABLE IX-VARYING AMOUNTS OF GROUND SOYBEANS IN RATION 
C ow No. 
I 
..... 1 151 I 152 
I I 
I I 
I 
I 
Pe rcent o f  I Lbs. I P ct .  Lbs. I 
Soybe an I m il k  I f at I milk I 
in R at ion I 5 days I 
J' 
5 days I I I 
I II I I J 5  69.7 5. 70 1 104.6 I 2 5  74.4 5. 851 104.2 50 75.0 I 5. 751 10 1. 2 75 I · 70 . 2 i 5. 70 1 94.2 
10 0 I 67.2 I 6 .10 1  87.9 I 
I I I I 
157 
P ct. I Lbs. I 
f at I mi l k  I 
I 
5 days
\ 
3. 50\ 
I 
6 0.3 I 
3. 551 r. 9.7 I 3.95 60.1 I 
4 .1 0 1  59. '.! I 
4. 40 1 64.1 I 
I I 
I 2 11 
I 
I I 
P ct. I Lbs. r 
fat I mi lk I 
I 5 days I 
I l 
I 
6. 9 51 78.9 
7. 0 51 86.1 7.15 8 6 .3 
7 .1 0 1  90.3 
7. 2 0 1  89.5 
I 
Pct. 
f at 
4.2 0 
4.2 0 
4.35 
4.50 
5.0 0 
From the data in Tables VIII and IX, it would seem that ground 
soybeans do increase temporarily the percent of fat in milk with 
some cows. However, one would have to know the reaction of the 
individual cow to make certain of the results. It is also a question 
of h6w long these same cows would respond with an increased test 
on the ground soybeans, and also whether they would respond in 
the same manner a number of times . This problem is being tested 
on the four cows , but none of the data is included in this bulletin. 
The table also shows the total milk for the five-day periods. The 
variation in the a_mount o,f milk is not significant. 
Effects of Ground Soybeans on Butter 
So far as the deleterious effects of ground soybeans on butter 
are concerned, it is of little consequence. The data indicate that 
at least 50 percent by weight of the ration must be made up of soy­
beans before any appreciable softness in the butter can be detected ; 
and even where 75 and 100 percent of the ration is made up of 
ground soybeans , the effect on the butter was not apparent unless on 
close inspection . 
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Practical feeding conditions would practically eliminate the dele­terious effects of ground soybeans if there were any, because it would not be practical or advisable from the standpoint of economy or wel­fare of the animal to feed such a large quantity of soybeans that the product would be affected. 
Table X indicates the results of the chemical analysis of butter from soybean rations made up of the percentages indicated in Table IX. 
TA BLE X-CHE MICAL ANALY SI S  OF BUTTE R 
/ Iodine No . 
I I Melt ing I Re f racti ve 
Sa p. No . I Point !Inde x at 2 5 C  
Cont ro l Samp les �ai:io�I 3 3 . 0 2 I 2 2 7 . 5 3 3 . 2 G I 1 .  460 0  1 4 Pct .  soybean 3 4 . 3 0  I 2 37 . 0 3 1 . 0 I 1 . 4545 2 5  Pct .  soybe an ration I 3 4 . 50 2 2 4 . 7  3 2 . 8  1 . 46 0 4  
5 0  Pct .  soybean ration \ 3 6 . 3 0 I 2 2 4 . 1  3 2 .5 i 1 .  460 6  75 Pct . soybe an rat ion 3 8 . 0 4 2 2 3 . 7  3 2 . 3 5 1.46 0 8  1 0 0  Pct .  soybe an ration I 4 1 . 0 0  2 2 1 . 8 3 2  . 10. 1 . 4610 
These data indicate that butter from the ground soybean ration does have a higher iodine number and shows a higher unsaturated fatty acid content. The difference. in melting point is very slight. No effects could be noted in odor and flavor of milk and cream from the soybean ration. Lindsey at the Massachusetts S_tation reported that the iodine number increased to 40, that the saponifaction numbel" was reduced about ten points, and that little or no change occurred in the melting point of the butter when one-half to one pound of soy­bean oil was feld daily per head. In a later report, Lindsey ( 2' ) showed that the soybean meal, partially extracted, feeding 2 .3  pounds per day per head, seemed to be without influence in changing the proportions of the several milk constituents or imparting flavor to milk. Expert butter scorers could not detect any particular flavor in the butter as a result of feeding the meal. The meal gave a no­ticeable softness to the body of the butter, but not sufficient to in­jure its commercial value. He attributed the softness to the oil in. the soybean rather than to the protein. It is possible that if soybeans were fed in large amounts for long periods, that the butter would be noticeably softer ; but as pre­viously pointed out, this is not likely to occur under practical feed­ing conditions. 
TA BLE XI-SUMMARY OF DATA 
Av. o f  
Pe riods 
Av . o f  
Pe riod 
I Oi l - ( Soy - , �f_Y \ :�: I me al bea n  f al fa I bean 
On bas is o f  a ve rag e o f  one cow I Lbs . I Lbs. Lbs. I Lbs. 
A v. mi lk p rodu ction fo r 3 0 -d ay period . . . . . . . . . .  bo7 .  7 \ 73 8 .  O ! 676 . 1  1 6 6 9 .  5 A v. f at p rodu ction fo r 3 0 -day pe riod . .. . . . . . . . .  - I  2 9 . 67
) 
3 0 . 0 8 3 3 . 0 7
. 
3 3 . 3 2 
Av, lbs. o f  feed consumed in 3 0 -day p er!od . . . . - 1 5 9 .  4 1  5 2 . 5 6 1 3 2 6 .  9 3 0 3  . 1 5-
A v. lbs . o f  nut rients consumed in 30 -day pe riod 1 8 0 4. 8 7 77 . 1  1 72 9 .  7 1 75 4 . 97 
Nut rients fu rnished by feeds com pa red . . . . .. . . . . ! 56 . 0 5 1 5 7 . 3 \ 2 8 5 . 6  1 2 94 . 9 Lbs. o f  feed to p rodu ce 1 0 0  lb s. mPk . . . . . . . . . . · \ 1 2 0 . 6 I 9 6 . 6 1 2 3 .  4 \ 1 1 5 . 9 Lbs. o f  feed to p ro du ce 1 lb . fat . . . . . . . . . . . . . . .  2 8 . 771 2 3 . 6 8 1 2 5.2 5 2 3 . 2 8 
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Conclusions 
1.-Ground soybeans when fed with the basal ration were 1 7. 7 
percent more efficient than old process linseed oilmeal for fat pro­
duction and 19.9 percent more efficient for milk production. 
2.--Ground soybeans apparently were as palatable and gave as 
good physiological results as old process linseed oilmeal. 
3 .-The ground soybean rations were readily eaten even when 
1 0 0  percent of the grain ration was composed of soybeans. 
4.---'Ground soybeans, in the first trial, when fed with the same 
basal ration as oilmeal, had a higher coefficient of digestibility for 
all nutrients. 
5 .-The data of this experiment indicatei that soybean hay is 6 
percent more efficient for milk production and 7.8 percent more effi­
cient for fat production than good quality alfalfa hay, 
6.-When oilmeal is selling for $60.0 0 per ton, ground soy­
beans are worth $72.'() 0 perr ton for . dairy cows. 
7 .-Ground soybeans do not noticeably affect the consistency 
of the. butter until the grain ration contains 5 0 percent or more of 
ground soybeans. 
8.-Ground soybeans seem to influence the percent of fat in 
milk with some cows at least temporarily but not its flavor or odor. 
9 .-Soybean hay is not as cheap a legume roughage in South 
Dakota as alfalfa hay for dairy cows because of the comparatively 
lower yield, and expense in handling the soybean hay. 
1 0-Soybean hay can be recommended as an emergency legume 
crop for dairy cows, and as a regular crop in sections where it is 
difficult to get a stand of cloveTs. 
1 1.-Greater efficiency in milk and fat production can be effect­
ed by using home grown feeds, particularly those feeds which are 
high in protein. Therefore,  where soybeans can be grown, their cul­
tivation should be encouraged. 
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